We present an analysis of seven intense X-ray flares observed from six stars (LAV 796, LAV 1174, SHM2002 3734, 2MASS 02191082+5707324, V553 Car, V557 Car) for the first time. These stars are located in the region of young open star clusters NGC 869 and IC 2602. These flares detected in the XMM-Newton data show a rapid rise (10-40 minutes) and a slow decay (20-90 minutes). The X-ray luminosities during the flares in the energy band 0.3-7.5 keV are in the range of 10 29.9 to 10 31.7 erg s −1 . The strongest flare was observed with the ratio ∼ 13 for count rates at peak of the flare to the quiescent intensity. The maximum temperature during the flares has been found to be ∼100 MK. The semi loop lengths for the flaring loops are estimated to be of the order of 10 10 cm. The physical parameters of the flaring structure, the peak density, pressure, and minimum magnetic field required to confine the plasma have been derived and found to be consistent with flares from pre-main sequence stars in the Orion and the Taurus-Auriga-Perseus region.
Introduction
Stellar flares are events in which a large amount of energy is released in a short interval of time. Flares are frequently observed from low mass (<2 M ⊙ ) active stars throughout the electromagnetic spectrum from radio to X-rays, e.g., Hα (6563Å), X-rays (1.2-124Å) and radio (6-20 cm) . In a 13 days long observation of Orion (Chandra Orion Ultradeep Project), Favata 1 et al. (2005) reported an average of 1.5 flares per star from young solar analogs. In a standard model, stellar flares are known to be a manifestation of the reconnection of magnetic loops, accompanied by particle beams, chromospheric evaporation, rapid bulk flows or mass ejection, and heating of plasma confined in loops (e.g., Sweet 1958 , Parker 1957 , Petschek 1964 , Yokoyama & Shibata 1997 , Priest & Forbes 2002 , Haisch 1989 , Güdel 2002 ). The flares produced by pre-main-sequence (PMS) stars are often detected in the X-rays. These X-ray flares show extreme luminosities (≥ 10 32 erg s −1 ) and very hot temperatures up to 100 MK (e.g., Skinner et al. 1997; Tsuboi et al. 1998; Imanishi et al. 2002; Feigelson et al. 2002; Skinner et al. 2003; Preibisch et al. 2005) . Wolk et al. (2005) studied the properties of flares of PMS stars in the Orion Nebula cluster and reported the median peak luminosity of 10 30.97 erg s −1 with extremely hard spectra at peak time. An analogous study was presented by Stelzer et al. (2007) for PMS stars in the Taurus Molecular Cloud. The extreme flaring recorded on these PMS stars may have an important bearing on coronal heating. They are therefore providing observational evidence for the type of structures postulated by magnetospheric accretion models for PMS stars. Flares from PMS stars though present many analogies with the solar flares but they also show significant differences, such as the amount of energy released. Therefore, analysis of the light curves during flares can provide insights into the characteristics of the coronal structures and ,therefore, of the magnetic field (Osten et al. 2010 , Reale et al. 2004 .
There is little observational evidence of flaring from massive (>10 M ⊙ ) and intermediate mass (2-10 M ⊙ ) stars. Only a few examples are known: these are λ Eri , MWC 297 , σ Ori E (Sanz-Forcada et al. 2004) , and θ 2 Ori A (Petit at el. 2012) . The presence of the high temperature plasma with kT > 2 keV during the flaring activities in massive and intermediate mass stars cannot be explained in the standard framework for understanding X-ray emission from massive stars, i.e., wind shock model (Lucy & White 1980 , Owocki & Cohen 1999 , Kudritzki & Puls 2000 Crowther 2007; Bhatt et al. 2010a,b) , which predict the plasma temperatures of < 1 keV. These flares are either explained by magnetically confined wind shock models (Babel & Montmerle 1997) or associated with nearby companion stars (Petit et al. 2012 ), but no convincing explanation has been forthcoming.
In this paper, we report evidence of flaring activity in lightcurves of six stars which were detected in a timing analysis of the XMM-Newton observations of eight young open clusters described in our previous paper (Bhatt et al. 2013 ; hereafter Paper I). The clusters were selected based on their ages ranging from 4 Myr to 46 Myr in order to bridge the gap between very young clusters like the Orion and relatively older clusters like the Pleiades to constrain the time evolution of X-ray emission. In Paper I, we have established the probable cluster membership of the X-ray sources on the basis of multi-wavelength properties of the X-ray sources and their location in colormagnitude diagrams of the cluster. Out of the eight young star clusters studied in Paper I, only NGC 869 and IC 2602 star clusters contain all 6 Xray flare stars under present study. They are identified with the massive star BD+56 526 (B1III;Skiff 2009), intermediate mass stars LAV 796 (B7; Currie et al. 2010 ) and LAV 1174 (B9; Currie et al. 2010 (ID#376) ), and low mass stars SHM2002 3734 (A7; Currie et al. 2010 (ID#3212) ), V553 Car and V557 Car (G0; Glebocki & Gnacinski 2005) , respectively. The basic properties of these sources are given in Table 1 , along with relevant information about their host clusters. Though the region of both star clusters NGC 869 and IC 2602 were observed earlier in X-rays by Currie et al. (2010) and by second ROSAT PSPC Catalog 2000 respectively, the timing characteristics of these sources were not studied. In fact, X-ray flare activity from these six sources are reported here for the first time. Their observed V magnitudes and (B-V) colors are given in Table 1 . Their photometric spectral types have been derived on the basis of their intrinsic colors after correcting their extinction towards their corresponding clusters, i.e., (B − V ) 0 =(B-V)-E(B-V), and given in Table 1 . The spectroscopic information about these sources has been taken from Vizier 1 services.
The present study provides a valuable sample of X-ray flares from stars in different mass groups to investigate the possible mechanisms for generation of X-ray flares. In addition, the morphologies of these flares are also derived along with a general comparison of the characteristics of these flares with those of other X-ray active stars and the Sun. In the following section, detection of X-ray flares and their possible association with massive, intermediate and PMS low mass stars has been explored. The characteristics of flares are defined in section 3. The physical parameters of coronal loop structures have been modeled in section 4 while results are discussed and concluded in section 5.
Detection of X-ray flares
The details of observations, data reduction and identification procedure of the X-ray sources within Two-micron all sky survey (2MASS) Point Source Catalog (PSC; Cutri et al. 2003) and Optical spectroscopic catalogues of stars from Webda 2 and Vizier 3 are given in Paper I where each X-ray source detected in data reduction procedure has been ascribed a unique identification number (ID). The IDs of X-ray sources (in Paper I) with flare like features are given in Table 1 . The light curves and spectra of the stars within the open clusters have been extracted using circular extraction regions with radii varied between 8 ′′ and 40 ′′ centered on the source position in the energy range of 0.3-7.5 keV. The background data have been taken from several neighboring source-free regions on the detectors. Data have been binned from 400 s to 1600 s. X-ray light curves of stars showing flaring features are shown in Figure 1 , where the flare regions have been represented by arrows and marked by Fi , where i = 1, 2, . . ,7 refers to the flare number (FN), and the quiescent regions have been marked as 'Q'. The probabilities of the variability in the X-ray lightcurves were derived using χ 2 test and are given in Figure 1 . In the X-ray light curves, flares are characterized by two or more consecutive time bins that constitute a sequence of either rising or falling count rates, corresponding to rise and decay phase of the flare. A rise immediately followed by a decay with a peak count rates greater than 3σ of the count rates in quiescent regions 'Q' is counted as one flare. In this way seven flares ,F1 to F7, were detected. Except from star IC 2602 # 48, only one flare event was detected from each star.
Massive and Intermediate mass stars
Three flares F4, F1 and F2 are suspected to be related to massive star BD+56 526 and intermediate mass stars LAV 796 and LAV 1174, respectively. Therefore, we have carefully examined these X-ray sources to check for the possibility of X-ray emission from presumed nearby/companion star since most of the flare stars have an optical/NIR counterpart within 3 ′′ (see paper I), except BD+56 526. Flare F4 from the X-ray source # 111 of cluster NGC 869 is detected from a position that has an offset of 6 ′′ from the massive star BD+56 526.
Because of the large offset between the position of BD+56 526 and that of X-ray source # 111 in NGC 869, the association of X-ray source with the massive star BD+56 526 is doubtful. This X-ray emission could be either from the B-type massive star, BD+56 526, or a presumed T-Tauri star located close to BD+56 526 but unresolved in the present observations. In order to check whether the position had shifted between the flaring episode and the quiescent interval, we have extracted X-ray images of the source before and during the flaring activity. These images are shown in Figure  2 . During the quiescent state no X-ray emission has been detected within a circle of 6 ′′ radius around the X-ray source position during the flare. This implies that the X-ray emission is dominated by the flare. Further, the optical and 2MASS NIR counterparts of the NGC 869#111 have been searched within a radius of 6 ′′ about the X-ray source in the available catalogues. No optical detection other than BD+56 526 has been seen with in USNO B-1.0 catalogue down to V = 21 mag. However, an optical counterpart (V=19.401 mag) has been detected with an offset of 2. ′′ 3 in the recent photometry carried out by Mayne et al. (2007) . For convenience, we name this source as NGC 869#opt111. This optical position is marked by a cross symbol in Figure 2 . In the 2MASS catalogue, one source, 2MASS 02191082+5707324, has been detected only in the H-band (H=15.274±0.454 mag) which is marked by a diamond in Figure 2 with an offset of 1 ′′ from NGC 869#111. The offset between 2MASS 02191082+5707324 and the optical counterpart is 1. ′′ 6. Recently, X-ray data from Chandra mission have been published by Currie et al. (2009) for the cluster NGC 869. We have searched for the corresponding counterpart of NGC 869#111 in the Chandra X-ray source catalogue, and found two sources within 6 ′′ search radius. These sources are identified with Chandra NGC 869#51 and Chandra NGC 869#54 (Currie et al. 2009 ) and marked in Figure 2 using squares. They show an offset of 2. ′′ 6 and 5. ′′ 7, respectively, from the X-ray source NGC 869#111. The offset of the optical and the NIR detection from the Chandra NGC 869#51 are 0. ′′ 4 and 1. ′′ 8, respectively. All the sources, namely, NGC 869#opt111, 2MASS 02191082+5707324 and Chandra NGC 869#51 are located towards the south-west direction of NGC 869#111 ( Figure 2 ). It appears that the XMM-Newton detection is most likely associated with one of these sources. It is also quite possible that all the four objects identified with optical ( NGC 869#opt111), 2MASS ( 2MASS 02191082+5707324), Chandra (NGC 869#51) and XMM-Newton (NGC 869#111) catalogues, are from a single source as their offsets are very small. It also suggests that the XMM-Newton detection ( NGC 869#111) is not likely to be associated with the star BD +56 526. Furthermore, the X-ray luminosity of BD+56 526 has been predicted to be of the order of 10 31 erg s −1 using the relation from Berghöfer et al. (1997) and Sana et al. (2006) , whereas the X-ray luminosity during quiescent state is found to be ∼ 10 30 erg s −1 , based on the mean count rate of 0.003 counts s −1 during the quiescent state and the corresponding flux estimated using WebPIMMS 4 with apec model for 1 keV plasma. Therefore, we do not believe we have detected X-rays from BD+56 526 directly, and the flare-like feature from the neighbourhood of BD+56 526 is probably associated with a nearby low mass star which is not resolved due to the poor resolution of XMM-Newton.
The photometric spectral type of the source NGC 869#111 (2MASS 02191082+5707324) has been estimated assuming that it is a member of cluster NGC 869 with optical and NIR counterparts. Using the distance (2.3 kpc) of the cluster NGC 869 and the value of V = 19.401 mag from Mayne et al. (2007) photometry, the absolute magnitude M V of XMMNewton source is estimated to be nearly 5.86 mag. The observed (V-H) colour of the XMM-Newton source is found to be nearly 4.13 mag. Using the reddening towards the cluster E(V-H)=1.467 mag, the intrinsic color of the XMM-Newton source is derived to be 2.66 mag. The intrinsic (V-H) color and absolute V band magnitude are consistent with those for a K-type low mass star (Landolt-Börnstein 1982; Ducati et al. 2001) , and at the age of 13 Myr, for the cluster NGC 869, this X-ray source could be a low mass PMS star. The uncertainty in the V-band is not given in the catalogue by Mayne et al. (2007) , therefore the errors in absolute magnitude and colors cannot be determined. However, the large error in the H-band magnitude produces an error of two to three subclasses in the determination of the spectral type. Currie et al. (2009) have reported high spatial resolution observations of the open cluster NGC 869 with the Chandra X-ray observatory. In their catalogue, X-ray source with identification number #182 is found to be only 3 ′′ away from our X-ray position of LAV 1174. The offset between its 2MASS NIR position and Chandra positions is found to be 0.3 ′′ . No other X-ray sources were detected in Chandra data within 6 ′′ search radius of LAV 1174, spatial resolution limit of XMM-Newton. Therefore, it is quite likely that the X-ray flare F2 detected by us is associated with X-ray source #182 with Chandra observations. The X-ray source #182 in Chandra catalogue was associated with an intermediate mass star #376 (LAV 1174) in an optical spectroscopic catalogue reported by Currie et al. (2010) . No X-ray source has been detected within 6 ′′ search radius of our X-ray position of LAV 796 in the open cluster NGC 869 in Chandra data. Thus, X-ray flares F1 and F2 appear to be related to intermediate mass stars LAV 796 and LAV 1174, and we are not able to rule out the possibility that X-ray flares arise directly from intermediate mass stars.
Low mass stars
Three X-ray flares F3, F5 and F6 are associated with low mass stars SHM2002 3734, V553 Car and V557 Car, respectively. X-ray emission from SHM2002 3734 was observed by Chandra from a source with an identification number # 255 in Currie et al. (2009) catalogue and has an offset of only 3 ′′ with our X-ray positions. Two X-ray sources J104100.6-642003 and J104241.3-642106 with an offset of about 3 ′′ from V553 Car and V557 Car, respectively have been reported in the second ROSAT PSPC Catalog (2000) . These two sources V553 Car and V557 Car in the open cluster IC 2602 are probably responsible for the three flares F5, F6 and F7 and characterised as BY Dratype variables in the 76th name list of variable stars (Kazarovets, Samus & Durlevich 2001)" 3. X-ray flare characteristics
Rise time and Decay time
The lightcurves of the flares (see Figure 1 ) are characterised by a fast rising phase followed by a slower decay phase, which are similar to the solar flares and thus solar-like magnetic reconnection events which govern by conduction and radiation cooling mechanisms. This fast-rise exponential decay shape (usually called FRED) are commonly associated with stellar flares from PMS stars and fitted with exponential function (see Stelzer, Neuhäuser & Hambaryan 2000 , Güdel 2004 . The e-folding rise and decay times have been determined from the least-squares fit of the exponential function
where c(t) is the count rate as a function of time t, t 0 is the time of peak count rate, q is the count rate in the quiescent state, τ d /τ r is the decay/rise time of the flare and A 0 is the count rate at flare peak. The quiescent state count rates were taken as mean value of count rates during the 'Q' in the light curves. The least-square fits of the eq. 1 are shown in Figure 1 by solid lines. The values of τ d and τ r along with the start time, flare duration, quiescent state count rates and ratio of count rate at flare and quiescent state are given in Table 2 for all the seven flares observed. The rise time of these flares were found in the range of 10-40 minutes, whereas the e-folding decay times were found in the range of 20-90 minutes. The longest duration (∼ 25 ks) flare was observed from the star # 42 of NGC 869 (SHM2002 3734). The peak flare count rates were found to be 1.5-13.3 times more than that found during quiescent state. The strongest flare was observed from the star # 111 of NGC 869 (2MASS 02191082+5707324), where the ratio of peak to the quiescent count rate was found to be 13.3.
3.2 X-ray spectra of flares X-ray spectra of the flares have been analysed to look for the spectral evolution during the flares. Spectral analysis has been performed based on global fitting using the Astrophysical Plasma Emission Code (apec) version 1.10 modeled by Smith et al. (2001) and implemented in the xspec version 12.3.0. The absorption toward the stars by interstellar medium was accounted for by using multiplicative model photoelectric absorption screens (phabs) in xspec (Balucińska-Church & McCammon 1992). In order to study the flaring component only, we have performed "2T apec" model spectral fits of the data during the flare state. The quiescent emission taken into account by including its best-fitting 1T model as a frozen background contribution. This is equivalent to considering the flare emission after subtraction of the quiescent level, and allows us to derive the effective average temperature and the emission measure (EM) of the flaring plasma. The spectral parameters and coronal temperatures for quiescent state (Q) are derived in paper I, and the values of hydrogen column density (N H ) and abundance (Z) parameters have been kept fixed to the quiescent state values in the spectral fitting (see Table 3 ). The best-fit parameters during the flare are given in Table 3 . The X-ray luminosity during the flares varied from 10 29.9 to 10 31.7 erg s −1 . For the flare F4 from LAV 796, the X-ray luminosity during the flare was found to be 10 31.7 , which is 16.6 times more than that found during the quiescent state. According to Reale (2007) , a typical output of the analysis of X-ray spectra with moderate resolution, such as those from CCD detectors (e.g. EPIC/XMM-Newton), is the average temperature of the flaring loops which is usually lower than the real loop maximum temperatures. The loop maximum temperature for the EPIC instruments are calibrated as T max = 0.13 T 1.16 obs (Reale 2007) .
Modeling the X-ray flares based on coronal loops
The characteristics of these flares are all consistent with the flares from low mass PMS stars in young open clusters, e.g., the Orion (Getman et al. 2008a) , and therefore, can be associated with the presence of a magnetically confined corona and thus of an operational dynamo mechanism. The physical sizes and morphology of the loop structures involved in a stellar flare can be estimated using flare loop models by an analogy with solar flares. However, it has been considered that flares occur inside closed coronal loops anchored to the photosphere, plasma is confined inside each loop, and its bulk motion and energy transport occur only along the magnetic field lines ( Reale et al. 1997) . A method to infer the geometrical sizes and other relevant physical parameters of the flaring loops was presented by Reale et al. (1997) , which was based on the decay time, and on evolution of temperature and the EM during the flare decay. However, this method needs time resolved spectroscopy, therefore, could not be used for the present analysis. Haisch (1983) assumed that τ d is comparable to the radiative and conductive cooling times, and estimated the loop length (L Ha ) as,
Hawley et al. (1995) described an approach, which is based on rise and decay times. In this approach, strong evaporative heating is dominant during the rising phase, while X-ray emission is dominated by radiative cooling during the decay phase. At the loop top, there is an equilibrium and the loop length can be derived as
where T max is temperature at flare apex and x 2 d = q/A 0 . We have sufficient information to model a loop by rise and decay method and Haisch approach. The loop-lengths of the flares were derived in the rage of 1.3 − 3.8 × 10 10 cm using the rise and decay method, while it was 1.8−9.8×10 10 cm using Haisch approach. In general, the loop lengths derived from Haisch approach are found to be more than that derived from rise and decay method. However, in most of the cases the differences between loop lengths derived from these two methods are well with 1σ level. The flare F3 from the star SHM2002 3734 in the open cluster NGC 869 is only the flare where the difference between loop lengths derived from two methods is more than 2σ level.
After knowing loop lengths, the various loop parameters like maximum pressure, plasma density, loop volume and minimum magnetic field to confine the plasma can be derived. The analysis of X-ray spectra provides values of the temperature and EM. From the EM and the plasma density (n e ), the volume (V) of the flaring loop is estimated as EM = n 2 e V. Using the loop scaling laws, the maximum pressure, temperature, loop length and heating rate per unit volume are related as (Rosner, Tucker & Vaiana 1978 , Kuin & Martens 1982 :
The minimum magnetic field necessary to confine the flaring plasma can be estimated as B = √ 8πp.
The derived parameters are given in Table 4 . Using the equation 4, the maximum pressure was found to be in the range of 5 × 10 2 − 8.75 × 10 3 dyne cm −2 during the flare. Assuming that the hydrogen plasma is totally ionized, the maximum plasma density in loop during the flare was found from 5 × 10 10 to 1.5 × 10 12 cm −3 . Using the observed EM, the loop volume was computed in the range of 1.5 × 10 30 − 5.7 × 10 32 cm 3 . A hint for the heat pulse intensity comes from the flare maximum temperature. By applying the loop scaling laws (see eq. 5) and loop maximum temperature (see Table  4 ), the heating rates per unit volume (E h ) are found from 0.3 to 92 erg s −1 cm −3 . From the derived pressure of the flare plasma, minimum magnetic field required to confine the plasma are found to be in the range of 0.1-1.5 kilo Gauss.
Discussion and Conclusions
We have carried out analysis of seven flares observed from six stars located in the region of young star clusters NGC 869 and IC 2602. Out of six stars, four have been classified as low mass stars, while two stars LAV 796 and LAV 1174 have been classified as intermediate mass stars. The strongest flare was observed from the star # 111 of NGC 869 with a ratio of peak flare to quiescent state count rates of ∼ 13. It is detected from the neighbourhood of BD+56 526 and is probably associated with a nearby low mass star, 2MASS 02191082+5707324, which is not resolved due to the poor resolution of XMM-Newton.
The rise and decay times of the flares reported here are lower than that of the flares from PMS stars in Orion (between 1 hour to 1 day; Getman et al. 2008a ), but, compared to that of solar flares (e.g., only a few minutes; Priest & Forbes 2002), PMS stars of Pleiades cluster (Stelzer, Neuhäuser & Hambaryan 2000) and main-sequence (MS) stars . The peak to quiescent state count rate ratio for these flares are in the range of 1.5 to 13.3. The maximum flare plasma temperatures are found to be comparable to the flares from PMS, MS and RCVn-type stars (e.g., , 2012 Getman et al. 2008b; Favata et al. 2005 ). The total energy released during the X-ray flares (= L X × duration of flare), has been found to be in the range of 10 34.0 -10 35.8 ergs. This indicates that these flares are 10 4−6 times more energetic than the solar flares (Moore et al. 1980) , but similar to the flares observed from field dwarfs, and evolved RS CVn-type binaries (e.g., , 2012 . The inferred sizes of the flaring structures are consistent with the results presented by Getman et al. (2008b) and Favata et al. (2005) for certain PMS stars. However, the derived values of the maximum plasma temperatures and loop lengths are larger than that of the solar flares. The giant X-ray emitting arches found in the Sun are to have typical sizes of 10 8 cm with the maximum temperature of 10 MK (e.g., Getman & Livshitz 1999; Getman & Livshits 2000) . These parameters are similar to the parameters derived for the PMS stars in Taurus-Auriga-Perseus region (Stelzer, Neuhäuser & Hambaryan 2000) and the Orion (Getman et al. 2008b; Favata et al. 2005) .
X-ray luminosities (L X ) during the flares from low mass stars SHM2002 3734 (# 42) in the cluster NGC 869, and V553 Car and V557 Car in the cluster IC 2602 have been found to be of the order of 10 30−31 erg s −1 . It indicates that these flares are more powerful than those observed from field dwarf stars but are equally powerful as the flares from PMS stars (Getman et al. 2008b ). The loop length of the order of 10 10 cm is indicating large coronal structures. For these flares, the estimated maximum electron densities under the assumption of a totally ionized hydrogen plasma have been found in the order of 10 10−12 cm −3 . It is comparable to the values expected from a plasma in coronal conditions (Landini et al. 1986 ). The strength of the magnetic field (of the order of a few hundred G), loop sizes of the large-scale magnetic field and X-ray luminosities of the flares suggest that these flares are enhanced analogs of eruptive solar flares. Therefore, these flares can be interpreted as scaled-up versions of solar flares and the flares from PMS stars in the Orion and the Taurus-Auriga-Perseus region.
The loop lengths of the flaring structure from intermediate mass stars
LAV 796 and LAV 1174 in the cluster NGC 869 have been found to be comparable with that of flares from low mass stars in the present sample and also in other studies (e.g., Getman et al. 2008b; Favata et al. 2005) , but larger than that of the solar flares (e.g., Getman & Livshitz 1999; Getman & Livshits 2000) . However, these values of loop lengths are lower that of the flares from young massive stars MWC 297 ( 10 11 cm; and HD 261902 (10 12 cm; Yanagida et al. 2005) . Similarities between the nature of X-ray flares from intermediate mass stars and low mass stars suggest that X-rays from intermediate mass stars are probably arising from unresolved nearby low mass stars (Stelzer et al. 2006 , Joshi et al. 2008 and references therein). Recently, Balona (2013) has studied 875 A-type stars using Kepler data in optical band, and reported that variation in light could be due to rotation modulation caused by star-spots. If A-type stars have spots, then it is natural to expect a magnetic field, and therefore the possibility of X-ray activity and magnetic reconnection in intermediate mass stars. If the X-ray emission indeed arises from the intermediate mass stars rather than a hidden low mass star through coronal loop structures then the origin of the magnetic field of the order of 1000 Gauss is hard to explain in the intermediate mass stars which are thought to be fully or nearly-fully radiative.
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